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A  HEAT- STABLE  CHEMICALLY  DEFINED 
MEDIUM  FOR  GROWTH  OP  ANIMAL  CELLS 
IN  SUSPENSION 


Stanley  C.  Nagle,  Jr. 


Medical  Bacteriology  Division 
BIOLOGICAL  SCIENCES  LABORATORY 


Project  1C522301A082 


August  1967 


Procedures  are  described  for  preps ratios  of  heat-stable 
chemical ly  defined  medium  for  the  cultivation  of  animal 
cells  in  suspension.  Growth  of  cat  kidney,  HeLa,  and  L 
cells  of  3-4.1,  33.8,  and  47.1  x  10^  cells  par  ml  was 
recorded  alter  6,  10,  aad  10  days  oi"  iucajaacloii,  respectively. 


,  V-t  v 

fA- 

W'. 


0 

*5S‘ 


I .  ICTKQPiJCTIQN 


1 


6r 

vy 

fe 

i£v 


The  advantages  of  a  chemically  defined  medium  ia  tissue  cultnra  have 
been  recognized  for  several  years.  A  chemically  defined  medium  that  is 
also  heat-stabie  has  additional  advantages:  processing  in  a  single 
vessel  requires  lass  handling,  and  thereby  reduces  chance  of  contamination, 
availability  of  autoclaves  io  most  laboratories  eliminates  the  necessity 
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chemically  defined  nodi us  was 
that  supported  growth  in  suspension  of  Several  call  ll 


described  irs  19b3 
ra-j*  the  sodium 


was  iafp-r  sitnplif  <4.-?  by  amission  of  insulin.*  A  heat-stable  serum-free 
wedlulu  coutaihlug  peptone  was  described  in  Ivoo.5  rue 
describes  the  development  of  a  heat-stable,  chemically  defined  medium 
that  supports  growth  of  aninal  cells  in  suspension  culture  comparable  to 
growth  obtained  in  filter-sterilized  media. 


II.  MATERIALS  AND  METHODS 


*  A.  MEDIA 

Except  for  methylcellulose,  glutamine,  and  sodium  bicarbonate,  all 
i  ingredients  to  make  1,000  ml  of  the  chemically  defined  medium  (Table  1) 

j  were  dissolved  in  937.5  ml  of  distilled  wrter,  placed  in  8-oz  or  16-oz 

■7  prescription  bottles  (187.5  ml  or  375  ml),  and  autoclaved  with  loose 

caps  at  121  C  for  15  minutes.  Methylcellulose  was  prepared  by  autoclaving 
\  at  121  C  for  15  minutes  as  a  2%  solution  in  8-oz  prescription  bottles. 

%  The  5%  sodium  bicarbonate  solutions  were  autoclaved  in  nearly  filled, 

v  tightly  stoppered  serum  bottles  of  various  sizes.  Glutamine  was  autoclaved 

t:  as  a  dry  powder  (180  mg,  sufficient  for  400  ml  of  complete  medium)  in  a 

l  stoppered  15 -ml  serum  bottle  for  1  hour  at  121  C.  Each  of  these 

t  components  was  stored  at  5  C.  Serum  bottles  were  fitted  with  rubber 

'■  serum-bottle  stoppers  and  scaled  with  metal  closures.  Antibiotics 

(dissolved  in  sterile  distilled  water  as  203X  solutions  and  stored  at 
|  -25  C)  were  added  to  most  experimental  media  at  concentrations  of  100  pg 

i  of  streptomycin  per  ml  and  100  units  of  penicillin  per  ml.  In  experiments 

t  testing  the  addition  of  filter-sterilized  medium  components,  a  0.22-p 

membrane  filter*  was  used.  Components  were  combined  to  prepare  IX  medium 
as  follows:  to  375  ml  of  Incomplete  medium  were  added  20  ml  of  2% 

;  methylcellulose,  2  ml  of  200X  antibiotics  (when  used),  and  3  si  of  51 

sodium  bicarbonate  for  partial  neutralization.  The  autoclaved  glutamine 
powder  also  was  added  aseptically  at  this  time,  either  by  removing  the 
:  metal  closure  and  rubber  stopper  and  dumping  the  18C  •%  of  dry  powder  into 


*  Millipore. 


XAJBIS  i.  HEAT- STABLE  CEC-ilCALLY  MF1 «£D  HEDIUM 


Component 

C£iuW j  w 

rig/litor 

Component 

mg/liter 

Assino  acids 

1 C3  -  -str  c  * 

L-Arg inine-KCi 

100 

SaCi 

7,400 

L-Cvs  teinu  *HC1 

75 

£C1 

400 

L-His  tidine  *ECl 

SO 

it>C 

L~  Iso leucine 

iou 

MgCl2*6H20 

275 

L- Leucine 

300 

CaCl2*2H20 

265 

L- Lysine*  EC  1 

300 

Phenol  red 

10 

L-JistKichice 

60 

Carbon  sources 

L~ Phenylalanine 

120 

Glucose 

1,000 

L- Threonine 

125 

Na  pyruvate 

100 

L-Trvptopban 

60 

Vitaninsii/ 

L-Tyrosine 

120 

D-Siocin 

1.0 

L- Valine 

150 

Choline  Cl 

1.0 

Aseptic  additions 

Folic  acid 

1.0 

Methylcellulose,  15  cps 

1,00G§/ 

Niacinamide 

1.0 

L-Glutamine 

450 y 

Ca  pantothenate 

2.0 

NaHC03 

5oa£/ 

Pyridoxal*HCl 

1.0 

Thiamine  *HC1 

1.0 

l- Inositol 

1.0 

Riboflavin 

0.1 

b12 

0.002 

a.  Added  aa  2Z  solution. 

b.  Added  as  powder. 

c.  Added  as  5%  solution. 

d.  Added  as  1G0X  solution. 


the  medium,  or  by  using  a  syringe  containing  5  to  10  ml  vf  raediinn  to  dissolve 
the  glutamine  and  then  adding  this  solution  to  the  remaining  medium.  The 
completed  medium  was  stored  at  5  C.  An  additional  0.5  to  1.0  ml  of 
bicarbonate  solution  was  added  to  each  25  ml  of  medium  contained  in  the  growth 
bottles  at  time  of  inoculation  with  cells.  This  step  assured  an  initial  pH 
of  approximately  7.2  to  7.4. 
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Kauaa  fibroblast  (L),  Hubs,  and  cat  kidney  <CK)  ceils  that  had  been 
growing  i»  suspension  caatinufflialy  *ov  «*>re  than  3  v&ix&  ia  the  filter- 
sterilized  chemically  defined  sedtua  were  cap loyal  la  th^se  studies.  So 
pleuropaeumcr  'a-iike  organizes  (PPLG)  weirs-  detectable  in  these  call 
culturas  upon  testing  or  '.taodard  PPLO  aouiusi. 


C.  DKB2MXC®  £13)  CgU.  2HtS&fcMriOH 

Growth  of  suspension  cultures  was  initiated  ficus  populations  of  1 
to  3  3t  i(P  cells  per  mi.  Cultures  war®  incubated  at  34  to  36  C  in  rubber* 
scuppered  lOG-ml  serum  bottles  containing  25  ml  or  medium  oa  a  New 
Brunswick  Gyratory  shaker  operating  at  124  to  130  spa.  At  appropriate 
intervals^  mjs9fcsr«  of  viable  cells  were-  detaraxaed  To  tats  neinccyt  carter 
by  the  trypan  blue  procedure  of  hcLissaas  e-t  si.4  Media  were  changed  by 
esntrifuging  the  return  bottle  cultures  at  1,00-0  rpffl  for  3  to  5  minutes 
decanting  the  supernatant,  and  replacing  it  with  fresh  medlua. 


III.  RESULTS 


Table  2  shows  the  results  of  an  experiment  with  i.  cells  in  which 
separate  groups  of  filter-sterili2ed  components  were  tested  in  au  autoclaved 
basal  mixture.  Two  cycles  of  growth  were  carried  out  in  these  media  to 
insure  the  exhaustion  of  any  possible  cellular  pool  of  potentially  heat- 
labile  medium  components;  after  one  7-day  period  of  growth  all  cultures 
were  adjusted  to  about  3  x  1C5  cells  pet  ml  and  reincubated.  Media  were 
changed  daily.  Results  of  the  second  growth  cycle,  shown  in  Table  2, 
indicated  that  glutamine  was  the  most  heat- labile  medium  component  and 
that  growth  occurred  if  glutamine  was  sterilized  by  filtration  or  by 
autoclaving  the  dry  powder. 

Growth  curves  for  CK,  HeLa,  and  L  cells  ware  determined  in  the  auto* 
claved  medium  containing  dry-sterilized  glutamine;  these  results  are 
shown  in  Figure  1,  Yields  of  34.1,  33.8,  and  47.1  x  105  cells  per  a! 
were  recorded  for  CK,  HeLa,  and  L  cells  after  6,  10,  and  10  days  of 
incubation,  respectively.  These  cell  lines  had  been  cultured  continuously 
for  almost  a  year  in  the  autoclaved  defined  medium  (subsequent  to  growth 
in  the  filter-sterilized  medium)  prior  to  growth  curve  measurements. 
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Sterilizaci&ti  Method 


Autoclaved  complete  sediuyjfe/ 


itaci&V&d  cOKp 


Autoclaved  coaplete  teediuiH  except  pyruvateS/ 
Autoclaved  complete  medium  except  vitaadiis^/ 
Autoclevs^  rinmiut*  aad-lyg  axcapt  asinc-  aclii 


\&€-v  itiwi 

^iU  L&ia±Q£  } 


1a. ed  ccrrplcte  ‘»’n  wf  «lutaa)i.'ie?‘/ 

Autoclaved  complete  medium  except  dry-autoclaved 

glutamine 

Filtration  of  complete  mediuaali' 


ill 

?  davs£/, 
x  10- 


6.9 
>..£• 
8.2 

4.9 

5,5 

20.6 

21.3 

15.3 


a.  Second  7-day  cycle  of  growth  in  respective  media.  0-hour  population 
in  every  case  was  approximately  3  x  10-*  per  erl, 

b.  Complete  except  for  raethylcellalose,  bicarbonate,  and  antibiotics. 

c.  Indicated  substances  were  sterilized  by  filtration. 


Growth  of  Antoni  Call*  in  Cheaic&l  ly  WSwjd  fi  tdlats. 
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Procedures  ere  deecribed  for  preperation  at  a  beat-stable  chemically  defined 
Medium  for  the  cultivation  of  animal  calls  In  suspension.  Growth  of  cat  kidney, 
Bela,  and  L  cells  of  34.1,  33.8,  and  47.1  *  105  calls  per  ml  vma  recorded  after 
6,  10,  and  10  days  of  incubation,  respectively. 
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